09>b*i94*w/? <jp) 02) t2r |g 4# 1^ ^ ^ (a) (nmwmm&mm 

4#IS§¥7- 176255 



(43)&I80 ¥^7^(1995)7^140 



(51)IntCl 8 








H 0 1 H 51/24 


g 




















3zW& fS^JSO$5:5 OL (^ 11 H) 




f^SS 3 ^ —320525 


(71)fcU8gA 


000004651 








0#ft#tfc^^f: 


(22)fflgg0 


¥^5^(1993)12^200 




3lCgClB=f ftEKA<Z>|*j 3 TS 3 # 1 ^ 






(71)ffl®A 


000167989 








«r*o. mm 
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(72) f&wm 


mm mm 








J$Xm^rtj_k*tfflTB13#8^ 0* 
















tow je* 








^«^<m#m*eKA*ium 1-11-9 






(74)ftSA 





(54) ki^©^3 ?v-:*— mmmv v-wto>mt^m 



(57) [KM] 

»*-*-«TOa-f^7«:Klt, TiB«»c^r««jfil9*rK 
513A, 13BW14A, 14B4@£t5«t 




z*mftmmiz.*i ^x&te±T*fatmm*im\m3i-t 
t ® & sfifB^: mm <m&mu izmit-r 5 <m \c ® 

z*mi$mmz*t i,xmfa±TM iz.mmsjm^^-t 

o^ia«*o*i|M«MI^ Mlc J; 9 

co^SB ic*f jsi- 5 &g ic @ & is: /t rmmu 

iffe^cS^ i: i: "CIS Six 5 W4£iK*ft£Pfl £X 

U/cW#JSlXf4 2fE«cro:/i^-- 

#*otjij;!j5iza53>r/w4-^fife-r«xei:, rmmm 



(2) !S1¥ 7 - 1 7 6 2 5 5 

2 

[0001] 

m^xmm-^^-i—mmmv is-RVzom&ij 
10 [0002] 

tmmmittmcismikLxxt^z. mmm^M-y h<n± 

20 [0 0 0 3] 

y u--©/hgMM«#i?-e*>5. tit, 

tI^^^tl!)U-m f$i|14mm, *l9m 
Is— J , feTffiI&$a, No. 35, pp27 —31 (1987^))# 

[ooo4] ^)a-c{i, HKtsmv i"-<D/bmfc 

— %LWM y ^ffi^ $ tbT V * 3 (H. Hosaka, H. Kuwano 
andK.K.Yanagisawa "ELECTROMAGNET ICMICRORELAYS : CO 
NCEPS AND FUNDAMENTAL CHARACTERISTICS", Proc. IEEE 
MENS Workshop 93, pp.12 ~17(1993) #J§) „ L^^L 

[0005] *»WJ±±flsw*fl!Hc<e^/j:S^/tto 
t?, ro«t 9— Jf <r>/Js§l{b£l!]5C<»:&B#j±: 

40 [00 0 6] 

^ yuSriiciS;^- 5 <b *fcTiB« ic «rtb^^SP feR -5 - 

fcwimfem&n * r »t fc T(Wi»»s« *r »t » 

50 »S««:Rit, mW.h-i'a iss<-<r>ifa*fakmTt£-*l 



3 

[0007] m2<o&w<&mmv ^--m, *m 

5 f£» @ £S5 ^ 95 Sr R It TflJ*fe»S« *«! t* , 

[0 0 0 8] flfflK±ttilBH!KroMm*MS 
^WtH^<8i:i-6«J«i:i-5i«tv\ jfl l ©3601© 

mm.') ls—oamft&b L-m, ^#&&© h— fa 

*tt*y^-^^J: ») Jtia**TSWB I— >a 

lit, ^tt«±B5SKI-«*fto#^J:ijspsB3>rvi/ 

[0009] m2<D&w<Dmx&i) u—<Dmm^m 

[0010] 

[0011] Sic, ir»«t©iRttfflMfeJ|!fi#Jhi-SJ: 



(3) /^dgjpr- 1 7 6 2 5 5 

4 

[0 0 12] 

t5o l3l~0 4(c:|giO38Mt-ffi57 F w— 3!««f 

y i^-wi i mfcm<Dmfc*m-t a m\z.&^x. 

io «3, 4«rHMB!frfrLfc3Ji«3fti:4oT^S. L 

#£rf»£fc-r<5 £5, ^tf&WABX^cioTMngtf 
3 a *S|fi:fte>KT^S. 

[0013] mjfav- y ^ vss 2 ten*, amis 

5<t, r ©wTUSi 5 ©1>'W4f t?i/ y 3 ys« 2 |c» L 
■Ci6K±T*l«llK:iS»T»riB»CRrili«5S:«(ttr6 
a^-6, 6 t^IMxyf yyictot-^M 
Sfr-CV^S. ^oT, ^T®)tE5S.t>* h — "ys 6 t 

->y 3^s«tra-*f»*»b*o-cv>5„ flftiaBT»«5 

^^^-f 5«SIt5> P> ft 5 TO =i ^ 7 *s*feaMl^-Cli 

6, *^JS#iJl?»i, t (u J; 5®^ 3 

-C/Wfe{c0;oX^IIB¥ : ffi=''1'^7&^L-rfc5 0 ttfi» 

[0014] stc, Tffi'j^7xs«4^_hBictt s mn 

40 TTEMfeSft-casB, ^©m^iBaiO, 1 0±ffiOBfIf5 

e>ftsH^»/si 1. 1 i**K»t&ixTv^. fmm% 
ia^io, 1 o«, S2i^tj;5i^ rmtfyxmm 

(0 0 15] '>!)^y|S2(DF->3y/<-6, 6 CO 

B5 = -fA'7 i«»WKS5«!-*-*-»ottf«H?-l 2, 1 
2 *SR»t btVT*J 9 rcDtWf 1 2, 1 2fi, is I) 
50 = VS«2±|C««F3^/Uft|Cj: 0fjg3^f^7 <fc(B]H# 



(4) 



ftffl¥-7-l 7 6 2 5 5 



M.sns. ±.mRx*Tm#9xmm 3 com 1 ^mibj 

|CM^^-TR^071<^» 1 3 A. 13Btl4A, 

l 4 B^tS:tt6tbTv^5„ Sv^*j-££:-t--;^#3fia 
^O0i^|5 1 3 A. 1 3 B tt, M 2 ir^-f J; 9 IC, 

&Wftii;fr©#3lTS^O(D7m$^ 1 4 A, 14BI1 
[S12^^i-J;^(c, HW5sa ±»*N@£ 0 

[0 0 16] j5fc»cK^Sr^i-5 0 #J;tf4\ -*f(nmM 
13Atl3B, 1 4 At 1 4 BfCfcoT, El 2 W^Efl 

3>T/i'7 0«i««*i:8t3lC«flElcJClS-CspB5=»'f^7, ' 
<t> = (Mx /G I p ) = ( F' 

::t« Mx fiifiD^-^K Gtt«»tt«», ip 

[0 0 19] ^rfC, fiftE«t»/7F ttffct&^F' 
9-a-5ffi«*TBJi!j«5/0S[HlE!ii-5 o ^o-c, (3) st 
OF' \z. (2) ^cDF«:ftA-r5wt(c:«t 9, -HTEb^S 
K>^{£# <Mi¥®=»-r/U7l£»5®i5ft i 
ir#¥i]3 0 lot, rT»« 5 TffiO^JttSS/S 9 . 9 /OS, 

4 ±®<D@3£g^ 11, 11 tcffiSfi-»«)lc^»)!c*«E 

9, 9t@«ll, llSritt^Siim 

5„ ¥ffi=i>r^7«i-m^^ro^]«?mx. 

Br f z[Cd/2) J -y f ]»'■ dy 

2 jt 



*tv^^w:^W5(Di«ii, m% • matt • ;b<B 

[0 0 17] rcDK^FIl, ¥-ffi^4/\s7\Zffinzm 
i , tH^^" 13 A, 13BH4A, 14B 
fc«fcaBtSMB£*rB b-tZb, Tf3tf> (l) 5£-?jfcfeib 

F= i XB • • • (1) 

-fA^w (H5 4'^^-r) id J: (2) 

[0 0 1 8] F=nw ( i XB) • • • (2) 

6, 6*«Stbti/» :tiCJ:oti4nHv'3^ 
-6, ewtf^s^F' t"IlK5Wf^^i« 
te, TfEJfiO (3) S©i9l^5 s 

L/8. 5 X10" r 4 ) X 1 , • • • (3) 

[0020] jfcfc, *m&m<D9M» f-\c3ortz>fc!K 

[0 0 2 1] NiSiB-eW§ii5i^SS:Bn , s 
1l^a-r*B^^ix5a^ttSrB s< k-t-S<t, r.fr?>« 

30 1) , [»2] ©«■ (4) „ (5) ^tiotws: 

Sr^Lfrt (6) ^-C^^n^o 
[0 0 2 2] 

[tl] 



Bn i 



(4) 



[0 0 2 3] 



Bs = 
Br 



[(y-yo) l -fz s ][(d/2)*+z«+yo* -2yoy]'- 

[&2] 

(2 + l)[(d/2)' -y' ]'" dy 

-«✓! [(y-y 0 )«+(z+]) 4 ][(d/2)* +(z+l)» +yo l -2yoy]'' 
• • - (5) 



[0 0 2 4] B = Bn +Bs • • • (6) 



1 mm, iSJ&lmm, MI$».85T©Sm-C o 
MI5DIANET DM-18 (AfA4, a — 
m-7-ffiAS) &ffl^T, Eg7l^-fJ:5l!:IB«Lfc*^ 
iK^OSffi^M^E a ro«3K«tt^Sffr» Lfc«lf* 
3 8 Ktjs-T. 



(5) 



mmW- 7 - 1 7 6 2 5 5 



[0025] m7 (D^o^nm^tcm^it. ki® 

&m\$, Pf&0. 3 T{JU:©W«Ii*ot^5, ftiC, 

4, -5JK)tg5(Dff$^2 0 /imi U 
O^Sr25(im, f^lmm, ^UlS 5 CD4>@£ 4 m 
m, I^5mraaT, (2) (3) S;^<b;fcfc 

[0 0 2 6] ^(Dtggk, El 9 CO (A) RXf (B) ElA^ 

-c\ ^ (Dmoimimm^tc <o <D&*.mm-t 1 3 u v y v 

/cm 2 i:&ofc„ ftK:, ^*iM<7)M^icoVNTlft 

CO (7) Siaotg$il5„ 
[00 27] Q=i' R • • • (7) 

*>3„ 3§??*fttt»£5M*Qc {4T1E<0 (8) 5*;-? 

Qc =h S AT • • • (8) 

^ r-e, h \*.mtem&M (£SU4 5 x 1 0- 3 ~ 5 x 1 0 

" ! [7yh/cm ! *C) ) , S J4i{f ^pcOigM, 4TI« 

[0 0 2 8] &m%tt£Z>^W)fa<Dmm*2 0mm 
2 (4X5) i-TSi:, (8) 5£l4, 
Qc =1.0 AT [m!7y h/"£) • • • (8) ' * 

A Y= (1/2) (4 1 , 3 f /E b t 

C0fi£ f{4TIEcO (12) iZ-vmztiZo 

f =WL, t p g • • ■ (12) 

^^t*. P I* Rrtb«o#a*A, g i4fi^jbDiiSt?fe 
5, 

[0 0 3 3] BTft««Z>«i**AXf4, pJlDOm 

t,SB«j«^*off-J|[*«feS:ffl^-C, TIE co (13) ^©<t 
5 Kft 6. 

AX=4 (L,/2)'F/EWt' • ■ • (13) 
T, lWriBa«C^F»4 (2) 3t03-f/Hlw«rliIISO* 40 
[0 0 3 4] rtlfj, h-i> 3 l"<—0>mfrlLfWM& 

[0 0 3 5] 

imi] 



T\ ffft|::.kS#M*Qr I4TI20 (9) 

So 

[0 0 2 9] Qr = t SoT' ••• (9) 

r. r. x\ i \-m&^ mm* £ = i d -mz £ < 
i) , sitm^-(Dmmm. attxf7ry#wvys 
& u 2 kV60h 3 c 2 ) , T\*m z ?-<Dmmmmx~hz> 0 * 

fc, h-Va^-<-34»feoe»tJ:*»lRl*Qa I4T1B 
CO (10) ^-C^$tt5„ 
[0 0 3 0] 

Qa = 2 X (S/ 1 , ) AT • • • (10) 
r r X\ X (^!J3>li8 4!7-7h/m 

K) , Sf4 >g ©Wffiai, 1, |4h-iX3V 

^-OSS, AT {4 h-v-a ^N'-c0^com«^-Cfo 

t5i (10) =£14, 

Qa =0.1 AT (m!7 7l>/t) • • • (10) ' 

[0 0 3 1] jJcfd h— i fit .fc5«l 

1 0KZ.nh<D%)rW-^ : T^^-to \ — is a Z//< — COS 
££1, , h — isa ls*<— cOifgSrb, «Tft;fgcoa£ & 
fs ^»«©ff£«rt, «TSrt£coi|>g£W, -BT»j1Scog$ 
£L, h-v-a >-^-co^*A Y»4, tftt 

*>*<oa^.*OtHf*&S:fflV^T, TIBco (11) 5£co4 

[0 0 3 2] 
) • • • (11) 



w 


6 mm 


6 mm 


6 mm 


L, 


13mm 


13mm 


13mm 


t 


50#m 


50 um 


100 jum 


b 


50jum 


50/zm 


50 U m 


1 . 


0.5mm 


1.0mm 


1.0mm 


f 


89 uN 


89 tiN 


178jaN 


AY 


0.022 fim 


0. 178 /zm 


0.356 Mm 


AX 


0. 125 j«m 


0. 125 #m 


0.016/im 



[0 0 3 6] _h|Sco »i) a»fe«fea»ftj:5K:, ms 

Ofiin, S$1.0 mmCDH-v'ay^-©i-g- > ifg 6 m 
m, S$ 1 3mm, Jf!^ 5 0 M mCO pJKj^[C J: 5^^* 
AYf4, 0. 178 Mm-efeO, TiJSlfiOJIS tf|© 1 0 0 
AtrntLTt. ^*AYf4, 0.356 Mm-CfoSo * 
tls iH6mm x S$ 1 3 mm, 5 0 m mCOpTHj^gcO 

it-S-, iK^JCl4:5^a:AXf4 > 0.125 M m-Cife(P % 
^T»«p5«lOSCffi*S: 2 0 0^ mfSSttM, 

«sjco«^y u-co^ttj'{4fprb^{4^v\ 
[0037] w±tftB^ l^c 4 5 ^nffi^com^ y 1/ 



9 

o -fe * fcf Uffl LTSS/ft nTWifflJ^ra W ^^^fiJci"5 r £ 

[oo38] mz.±.mm 1 nisfyoffi^y u- comx 

St, El l-BIl 4*#flaLttiSfelftM'*-5. *-f, 

la 1 1 Rxim i 2 k y y => ^i&Boanrrgsr^-r. 

£300 tfmroVUnylSiOl ©J:TMt«ftLtSS 
fllffl! (l/xm) 102*^fig-T5 (alg) „ 

[0039] sstttc* h y y^^tcto ks 

m*u (big) ; Mfc, *itommim<r>mKm*:B 
so. 5 (im*tt*t5 die) „ m^, mmm\zv 

^£100 umfr5 (ltd) o 

[0040] KM(0^r«i««BJ^ro3»V'>^kJKSrl»*U 

(He) , Kii^t ^m&ft\^mi , &.^v°}-^7* 
loo M mtT5 (ran . fti-, nmTznftx-m&intc 
Bri&ffiMi-*i^-t-s^y =^s««u^t-, mmsBi^as 

?^ot3^«I^iei8, 8&J&*U Hid, pj 
tf3K*«lcJ:oT»j«Upr»»jiSi9, 9&U/£i-3 (x 

Sg) o 

[0041] wc, m&m<n9 xmioz &i&i:u 

*iEffil«>iMb«li02 ±ic, ra3K4**n©«#*3-r/wifeic<fc 
oT?In^/K Sffi»»?tffi (EJ^-BrT) SrJBfiEi-S. 
«»a>f/W«tt, ->y=i^S«101 ©*BB«UC=.y^ 
y ^ SrtTo T= 5/ ^ J\*m $§®#?46o # 

^h^4U ««*¥«£) o£«rfTot^ 

y 'Jr/v® O^JS =• -/ /^t/*f KH8 

£^ y ^/uco^yN- y * Ig*» & ffiM&l£& -COItSr 
«fe!3igUfT^»iJ;v> (igh) . 

[0 0 4 2] ^E#j(d!7y^^^l03 ' SrRtt, 

y^V^&100 i»mm\ Jtii^fflJ^SrJtii**, "Tib 



(6) - 1 7 6 2 5 5 

10 

5fch-*/s^- (B^*-f) &Bf££ti. minis 
!/^S«2«^5 (Iii, j) 0 

[oo43] w±r\ y =i ^mm 2 <dt3j»« sxt* h 

©7y^^IS:l»4Lfc«, •> y =» >"S« 2 ©±TBBfc 

±w#7 3 1 T«ij^7 x&m 4 ^^mwsi 

^lC<toT^L > _hT©#7*g«3, 4CDMM 

|:Mt5iOA, lpBtl 1A, 1 1 B &&ft-rt;tx 
10 t££\,\ 

[0 0 4 4] (§11 3S.t>*HIl 4£#flSL/j:aS'b± 

(Ila) „ TflBtf^&tMT?!*, *1\ *» 

^^OXiCfcoT^/V'— yWffl(DP:ii^4 a , 4 a £ 
5tf5^S«4«>KB5«J*>b^fifc-t-5 (Igb) g 

[0 0 4 5] ^L-C. Tft'J^7^S«4(Z>^EtC, flfy*. 

20 jgriE-rs (lie) . ^id, Kii^4 a *.-fttr«*K!Bft 

104 Sr^-TSrir^ «Mg2iHi 0, l 0?r^i-S 

(Xgd) . ^fr, ^y^S^4C03gffittlJ^y 7 
fflfc, b y y^77CJ;!)@Si^^-v« 

Lts^s^iv^^^ bios (re 

e) o 

[0 0 4 6] &{C X ^9^StR4«igffi)»^iBJC&|feV^ 
l±e^©^lC«fc 9a?^fJ§106 irtefo-tZ (ISf) o 

30 o>n&<7>m%miQ6 ^f^*b, ta^ssxsi 1, n« 

fiSc-ra (ISg) „ »^IBlo»Mlc:ffi5«Wty i^— © 

m2mm®i&mi 5iZ7F-r 0 si»jt^-i?5g 

[0 04 7] mir*3VN-c, y 2 1 

14, ->y =^fi3K2&ij5T(«^7^»K4o*fifett, m 
lmmmtmmxh^iiK ±m#?x&m3' v>mi$.tf 

M^So ipfc. ±{RiJ^y^S«3' tt, ^1HJ£^J©± 
«l^7^&K3 08HPlf|J3 afc*aai-5«U^*, MAO 
I«:iot|3A' i Lt^ItSifigt LtfcS. 
40 -t LT, t/y =>VS«2©±Tffilc, ±ftij^y^£« 
3' i:T«^9^a£«4Sr|S&fiiJg^lCj;-o-CJg-g-L-C, 

^<z)^w^ra^w^#ia^ic:LT«#y 1^-2 1 

[0 0 4 8] ^*5#|fifetcj;ttfi, "TS&« 5^0161-5 
*S. *LT» i^y =^S«2»C±TWXf?^»« 

50 SfMfi«5^«rfflv>tL«:*roiC>IBttftv^ ^T«j*S 



11 

(SFe ) SrSAt5Ii:-e, iWEiS|6j±t5„ 
[0 0 4 9] m 1 6fcB2ro38WfCffiS««y V' 

^ V =^S«2© h— >a W<-6. 6 COW^IrI t 

|g^i-S¥S="f^7A, 7B&l£<t5 0 ±{Ii]# l 

7*g«3' li, Ell 5K^t>cD£|5]trc8|3A' £ 

[00 5 0] a»a»5«fifc0> «fc 5 WlOjk^85 3 2 
&"5TK)«5iIJ{Cl9:i:f\ jpjE3>fyU7 A, 7B^>yny 

fc, tfteOBt^&ffl^Tl^S©-?, pffttg 5 (OWsmm 2 
<*5tm5-fcfi*<, "THUS 5 1£tt<D&± h pltMt? 
fc<5„ tLT, BI««5<D»ib26WISrXsfi#Jh-t-^tf, 

ei 1 5 {CTjk-rmmm t mm^mm. 5 ©jaaftta* 

[00 5 1] 

5 say i^-jcitttbTftatc/j^b&owai^i-sc: 

* 7 1 a ©mswfc&tf/hSMt; * El 5 r t a* -c t 5 „ 
[0052] ^niR<o«ibffiin«rttR«sm& lt 



) teBH¥ 7- 1 7 6 2 5 5 

12 

12] H±* l ItiMrottttKBriBH 
[El 3] PlJim 1 Hlfcflla i>TM««>±S«(OU:^««H 

[04] 1 ss*«»T?rtt*«>Ta««5tt*<(waH 
1 5 ] m±m 1 nMM<Dtf;us<; =• ?-<Dmmm& 

17] H-g: Lfc«t3K*«»#ffiB«:*i-H 
[El 8] H 7 ti5^ffiBoai3K**»*oW-JWS*Sr* 

19] ^r«i«o*tt*i:««*fc«>fmL*s***i-^ 
no] h-i/a ^•s-xvprwiffiross^fioff** 

vvuEl 

l l ] |ia_L3| l ISitflltfJS' V a vS«^JPXlS<z> 



a 1 2 ] m 1 1 \z.m. < > y = ^aasoanxxsroKiK 

313] ra±^i^Wo^9^3&K<oAqxxe©W 
3 

314] in 1 3 \z.m< #7xmm<DMT.j:ncD® J wm 

3 15] ftl<D«9J£ff&*tty ^©I2$SM« 
316] !2(D^|;«5I«y i/-cD«^ijro«^c 

2 1,31 y 

2 v&& 

3, 3' ±ftfl^7^S« 

4 T«iJ#5;*gl£ 

5 ^IEb^ 

6 h— is a l/s<— 

7 TO^-f^ 

9 

1 1 B£&£ 

13 A, 13B, 14 A, 14B, 32 jk^g&ST 



me] 



[El 7] 




1(213] 



[05] 



ffl¥7- 17 6 2 5 5 




(A) 



(^N) 20 



30 

</<N) 20 



7" 



1.0 2.0 3J0 



il 0.5 1.0 1.5 2.0 
€*iti (mA) 



15 

l**»v) 10 



0.5 10 1.5 2.0 
ft >ft, I (mA) 



[010] 




(b) 



k/ A IZZZZZZZZAZZZ * 



(10) 



7-176255 




#R1¥7 - 1 7 6 2 5 5 



[«fTBl ¥^13^2^ 2 3 0 (2 0 0 1. 2. 2 3) 



[^TO-^-] #HS¥ 7- 1 7 6 2 5 5 
I^iB] W7^7^ 14B (1 9 9 5. 7. 1 4) 
<£HB^fF4m 7-1763 
4WP5 - 3 2 0 5 2 5 
IIS»«rfff#SiJB7JK] 
H01H 51/24 
49/00 

[F I] 

H01H 51/24 B 
49/00 J 



IStiJHl 2^5^ 3 O P (2 0 0 0. 5. 3 

0) 

[^KMjE 1 ] 
[»IEl*l£] 

#&fg±-r 5¥i^^ jv^mwrtr z t &tc*mm&i®& 

r it 5 tfrie^T«ite(P^r«i«^ffls^8?HiRrffi<eBfe 

HT^iPJtU fl.ofe«£-f bit, fflBB^Ift«¥g^ 
% 2 SMifl ;*-fra«fifc £ bfefg^qi l Si* 2 l^fB 
jfe<p:/w?-— 3>«BSy v^-o 



5W»^7tcfB«<o^u— gggjay ^- 

Zmt&M&k LfcW;ft>g7^tt8^fa<Bg?^u— 
gi.aai y u— „ 

MIL r^^Tifa^fe^m^K^flg^-r^,^ 
imxm 1 1 1 mEJMmmmzmmmL 

ffi«fcatJMs^^« «rHaN-a xa *>6> & a ^ i^-j- 
i 3 ] ffliaMjm^^M^i^xM^ % 

m±gmz, mm±m^±rE£MmLx^ aid s 



<ftffl¥-7 - 1 7 6 2 5 5 



imxm 1 4 1 mmm^^^m^-r^n^ m 

LUM i 5 1 h-> 3 ^-MM^ 

mm ^-oiA^ir^tt^^rsitgw^ffliftij^ 
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(54) PLANER ELECTROMAGNETIC RELAY AND MANUFACTURE THEREOF 

(57)Abstract: 

PURPOSE: To attain thinning and miniaturization of an 
electromagnetic relay. 

CONSTITUTION: On a silicon substrate 2, a flat plate- 
shaped movable plate 5 and a torsion bar 6 of swivelably 
journalling the movable plate 5 are integrally formed. A 
flat coil 7 for generating a magnetic field by carrying a 
current is provided in an upper surface peripheral edge 
part of the movable plate 5, and a movable contact 9 is 
provided in a lower surface side. Further, glass 
substrates 3, 4 are provided in upper/lower surfaces of 
the silicon substrate 2, and fixed contact 1 1 capable of 
coming into contact with the movable contact 9 is 
provided in the lower side glass substrate 3. Further in 
this constitution, permanent magnets 13A, 13B and 14A, 
14B for making a magnetic field act in the plane coil are 
fixed to a prescribed position of the glass substrates 3, 
4. This electromagnetic relay is manufactured by a 
process of manufacturing a semiconductor element. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The torsion bar spring which supports a plate-like movable plate and this plate-like 
movable plate to revolve rockable in the substrate vertical direction to a semi-conductor 
substrate to a semi-conductor substrate is really formed. While laying the flat-surface coil which 
generates a field by energization in the top-face periphery section of said movable plate and 
preparing the traveling contact section in an inferior-surface-of-tongue side The bottom 
insulating substrate which prepared the fixed contact surface in the location corresponding to 
the contact surface of said movable plate is prepared in the inferior surface of tongue of a semi- 
conductor substrate. The top insulating substrate which opened the movable-plate upper part 
wide at least is prepared in the top face of a semi-conductor substrate. The planar mold 
electromagnetic relay characterized by considering as the configuration which fixes to said 
vertical insulating substrate the permanent magnet which makes a field act on the flat-surface 
coil section of the opposite side of a movable plate parallel to the shaft orientations of said 
torsion bar spring, and which makes a pair mutually. 

[Claim 2] The torsion bar spring which supports a plate-like movable plate and this plate-like 
movable plate to revolve rockable in the substrate vertical direction to a semi-conductor 
substrate to a semi-conductor substrate is really formed. While preparing a permanent magnet in 
the top-face periphery section of said movable plate and preparing the traveling contact section 
in an inferior-surface-of-tongue side Into the semi-conductor substrate part of the opposite 
side side of a movable plate parallel to the shaft orientations of said torsion bar spring Prepare 
the flat-surface coil which generates a field by energization, and the bottom insulating substrate 
which prepared the fixed contact surface in the location corresponding to the contact surface of 
said movable plate is prepared in the inferior surface of tongue of a semi-conductor substrate. 
The planar mold electromagnetic relay characterized by considering as the configuration which 
prepares the top insulating substrate which opened the movable-plate upper part wide at least in 
the semi-conductor substrate bottom. 

[Claim 3] The planar mold electromagnetic relay according to claim 1 or 2 considered as the 
configuration which makes a vacua movable-plate storage space which blockades the open 
section of said top insulating substrate, and is surrounded with a vertical insulating substrate and 
a semi-conductor substrate. 

[Claim 4] The process which forms the movable plate which is made to penetrate from 
anisotropic etching towards a top face, and is supported to revolve with said torsion-bar-spring 
part by the semi-conductor substrate rockable from the inferior surface of tongue of a substrate 
except for the torsion-bar-spring formation part of a semi-conductor substrate, The process 
which forms a flat-surface coil in the perimeter of a movable-plate top face with electrolysis 
plating, and the process which forms the traveling contact section in a movable-plate inferior- 
surface-of-tongue side, The process which forms in the top face of a bottom insulating 
substrate the fixed contact surface which can attach and detach to said traveling contact, The 
process which fixes to the vertical side of a semi-conductor substrate an inferior-surface-of- 
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tongue insulating substrate and the top-face insulating substrate which opened the movable- 
plate upper part part wide at least by anode plate junction, The manufacture approach of a 
planar mold electromagnetic relay which consists of a process which fixes a permanent magnet 
to the top-face insulating-substrate part and inferior-surface-of-tongue insulating-substrate 
part corresponding to the opposite side of a movable plate parallel to torsion-bar-spring shaft 
orientations. 

[Claim 5] The process which forms the movable plate which is made to penetrate from 
anisotropic etching towards a top face, and is supported to revolve with said torsion-bar-spring 
part by the semi-conductor substrate rockable from the inferior surface of tongue of a substrate 
except for the torsion-bar-spring formation part of a semi-conductor substrate, The process 
which forms the permanent magnet of a thin film in the perimeter of a movable-plate top face, 
and the process which forms the traveling contact section in a movable-plate inferior-surface- 
of-tongue side, The process which forms a flat-surface coil in the semi-conductor substrate 
part of the opposite side side of a movable plate parallel to the shaft orientations of said torsion 
bar spring with electrolysis plating. The manufacture approach of a planar mold electromagnetic 
relay which consists of a process which fixes an inferior-surface-of-tongue insulating substrate 
and the top-face insulating substrate which opened the movable-plate upper part part wide at 
least to the process which forms in the top face of a bottom insulating substrate the fixed 
contact surface which can attach and detach to said traveling contact, and the vertical side of a 
semi-conductor substrate by anode plate junction. 



[Translation done.] 
* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the planar mold electromagnetic relay 
manufactured using a semiconductor device manufacturing technology, and its manufacture 
approach. 
[0002] 

[Description of the Prior Art] By development of the microelectronics represented by high 
integration of a semiconductor device, various devices are miniaturized with advanced features. 
The control system treating comparatively big energy like an industrial robot is not the 
exception, either. At such a control system, control of big energy is controlled by 
microelectronics-ization of a control unit with very small energy. Consequently, the problem of 
malfunction by a noise etc. surfaces and the need of an electromagnetic relay is growing as an 
output device of the last stage. 
[0003] 

[Problem(s) to be Solved by the Invention] However, the conventional electromagnetic relay 
occupies the extraordinarily big volume, if it compares with a semi-conductor. Therefore, in order 
to promote the miniaturization of a device, the miniaturization of an electromagnetic relay is 
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required. And reference die-length width of face of 14mm, width of face of 9mm, and whose 
height of 5mm are the smallest in the world in an electromagnetic relay common coil type 
[ conventional ] ("a super-thin signal relay", the Matsushita Electric Works technical report, 
No.35, and pp 27-31) (1987). 

[0004] Moreover, recently, in order to attain the miniaturization of an electromagnetic relay 
further, the planar mold electromagnetic relay using a micro-machining technique is proposed (H. 
Hosaka, H.Kuwano andK.KYanagisawa"ELECTROMAGNETICMICRORELAYS:CONCEPS AND 
FUNDAMENTAL CHARACTERISTICS", Proc.IEEE MENS Workshop 93, pp.12 - 17 (1993) 
reference). However, the above-mentioned planar mold electromagnetic relay also uses the coil 
mold of the former [ coil ], and there is a limitation in a miniaturization. 

[0005] This invention was made in view of the above-mentioned situation, and aims at attaining 

much more miniaturization of an electromagnetic relay. 

[0006] 

[Means for Solving the Problem] for this reason, in the planar mold electromagnetic relay of the 
1st invention The torsion bar spring which supports a plate-like movable plate and this plate-like 
movable plate to revolve rockable in the substrate vertical direction to a semi-conductor 
substrate to a semi-conductor substrate is really formed. While laying the flat-surface coil which 
generates a field by energization in the top-face periphery section of said movable plate and 
preparing the traveling contact section in an inferior-surface-of-tongue side The bottom 
insulating substrate which prepared the fixed contact surface in the location corresponding to 
the contact surface of said movable plate is prepared in the inferior surface of tongue of a semi- 
conductor substrate. The top insulating substrate which opened the movable-plate upper part 
wide at least was prepared in the top face of a semi-conductor substrate, and it considered as 
the configuration which fixes to said vertical insulating substrate the permanent magnet which 
makes a field act on the flat-surface coil section of the opposite side of a movable plate parallel 
to the shaft orientations of said torsion bar spring, and which makes a pair mutually. 
[0007] Moreover, the torsion bar spring which supports a plate-like movable plate and this plate- 
like movable plate to revolve with the electromagnetic relay of the 2nd invention rockable in the 
substrate vertical direction to a semi-conductor substrate to a semi-conductor substrate is 
really formed. While preparing a permanent magnet in the top-face periphery section of said 
movable plate and preparing the traveling contact section in an inferior-surface-of-tongue side 
Into the semi-conductor substrate part of the opposite side side of a movable plate parallel to 
the shaft orientations of said torsion bar spring The flat-surface coil which generates a field by 
energization was prepared, the bottom insulating substrate which prepared the fixed contact 
surface in the location corresponding to the contact surface of said movable plate was prepared 
in the inferior surface of tongue of a semi-conductor substrate, and it considered as the 
configuration which prepares the top insulating substrate which opened the movable-plate upper 
part wide at least in the semi-conductor substrate bottom. 

[0008] Moreover, it is good to consider as the configuration which makes a vacua movable-plate 
storage space which blockades the open section of said top insulating substrate, and is 
surrounded with a vertical insulating substrate and a semi-conductor substrate. As the 
manufacture approach of the electromagnetic relay the 1st invention The process which forms 
the movable plate which is made to penetrate from anisotropic etching towards a top face, and is 
supported to revolve with said torsion-bar-spring part by the semi-conductor substrate rockable 
from the inferior surface of tongue of a substrate except for the torsion-bar-spring formation 
part of a semi-conductor substrate. The process which forms a flat-surface coil in the perimeter 
of a movable-plate top face with electrolysis plating, and the process which forms the traveling 
contact section in a movable-plate inferior-surface-of-tongue side. The process which forms in 
the top face of a bottom insulating substrate the fixed contact surface which can attach and 
detach to said traveling contact, The process which fixes to the vertical side of a semi- 
conductor substrate an inferior-surface-of-tongue insulating substrate and the top-face 
insulating substrate which opened the movable-plate upper part part wide at least by anode 
plate junction, It is characterized by consisting of a process which fixes a permanent magnet to 
the top-face insulating-substrate part and inferior-surface-of-tongue insulating-substrate part 
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corresponding to the opposite side of a movable plate parallel to torsion-bar-spring shaft 
orientations. 

[0009] Moreover, the manufacture approach of the electromagnetic relay the 2nd invention The 
process which forms the movable plate which is made to penetrate from anisotropic etching 
towards a top face, and is supported to revolve with said torsion-bar-spring part by the semi- 
conductor substrate rockable from the inferior surface of tongue of a substrate except for the 
torsion-bar-spring formation part of a semi-conductor substrate, The process which forms the 
permanent magnet of a thin film in the perimeter of a movable-plate top face, and the process 
which forms the traveling contact section in a movable-plate inferior-surface-of-tongue side, 
The process which forms a flat-surface coil in the semi-conductor substrate part of the 
opposite side side of a movable plate parallel to the shaft orientations of said torsion bar spring 
with electrolysis plating, It is characterized by consisting of a process which fixes an inferior- 
surface-of-tongue insulating substrate and the top-face insulating substrate which opened the 
movable-plate upper part part wide at least to the process which forms in the top face of a 
bottom insulating substrate the fixed contact surface which can attach and detach to said 
traveling contact, and the vertical side of a semi-conductor substrate by anode plate junction. 
[0010] 

[Function] since according to this configuration the flat-surface coil was formed in the movable 
plate while forming moving part in the semi-conductor substrate using the semiconductor device 
manufacture process — a coil part — thin-shape-izing — and it can miniaturize, and can be 
markedly alike compared with the conventional coil mold, and the miniaturization of an 
electromagnetic relay can be attained. 

[001 1] Furthermore, if it is made to carry out the vacuum lock of the storage space of a movable 
plate, rocking resistance of a movable plate can be lost now and the responsibility of an 
electromagnetic relay can be raised. 
[0012] 

[Example] Hereafter, the example of this invention is explained based on a drawing. The 
configuration of the 1st example of the planar mold electromagnetic relay built over the 1st 
invention at drawing 1 - drawing 4 is shown. In drawing, the electromagnetic relay 1 of this 
example has a- three-tiered structure which carried out anode plate junction of the bottom which 
becomes the vertical side of the silicon substrate 2 which is a semi-conductor substrate, for 
example from borosilicate glass etc., respectively, the top as a bottom insulating substrate, and 
the bottom glass substrates 3 and 4. And opening 3a is prepared by ultrasonic machining etc. so 
that said top glass substrate 3 may open the movable-plate 5 upper-part part mentioned later. 
[0013] The plate-like movable plate 5 and the torsion bar springs 6 and 6 which support a 
movable plate 5 to revolve with the center position of this movable plate 5 rockable in the 
substrate vertical direction to a silicon substrate 2 are really formed in said silicon substrate 2 of 
anisotropic etching. Therefore, the movable plate 5 and the torsion bar spring 6 also consist of 
the same ingredient as a silicon substrate. As shown in drawing 3 , the flat-surface coil 7 which 
consists of a copper thin film which generates a field by energization is covered with the top- 
face periphery section of said movable plate 5 with an insulating coat, and is prepared in it. Here, 
if there is joule heat loss and the big thin film coil of resistance is mounted in high density by 
resisted part, since driving force will be restricted by generation of heat, the coil has formed said 
flat-surface coil 7 with the electrocasting coil magnetization method by well-known electrolysis 
plating conventionally in this example. A electrocasting coil magnetization method forms a thin 
nickel layer by the spatter on a substrate, performs copper electrolysis plating, forms a copper 
layer on this nickel layer, it is removing a copper layer and a nickel layer except for the part 
equivalent to a coil, forms the flat-surface coil of the thin film which consists of a copper layer 
and a nickel layer, has the description which can mount a thin film coil in high density by low 
resistance, and is effective in a miniaturization and thin-shape-izing of a micro MAG device. 
Moreover, as shown in the both sides by the side of the inferior surface of tongue of a movable 
plate 5 at drawing 4 , the electric wiring 8 and 8 on a KO character is formed, and the traveling 
contacts 9 and 9, such as gold and platinum, are formed in each edge top face of each [ these ] 
electric wiring 8 and 8. 
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[001 4] Furthermore, it is formed in the top face of the bottom glass substrate 4 by the pattern 
as electric wiring 10 and 10 shows with the two-dot chain line of drawing 3 , and the stationary 
contacts 1 1 and 1 1 which similarly consist of gold, platinum, etc. are formed in the location 
corresponding to said traveling contacts 9 and 9 of this electric wiring 10 and ten top faces. Said 
electric wiring 10 and 10 is pulled out through the through hole part prepared in the bottom glass 
substrate 4 at the inferior-surface-of-tongue side of the bottom glass substrate 4, as shown in 
drawing 2 . 

[0015] The electrode terminals 12 and 12 of a pair electrically connected with the flat-surface 
coil 7 through the part of torsion bar springs 6 and 6 are formed in the side top face of the 
torsion bar springs 6 and 6 of a silicon substrate 2, and coincidence formation of these electrode 
terminals 12 and 12 is carried out with the flat-surface coil 7 by the electrocasting coil 
magnetization method on a silicon substrate 2. The permanent magnets 13A and 13B of the 
circle configuration which makes a field act on flat-surface coil 7 part of the opposite side of the 
movable plate 5 parallel to the shaft orientations of said torsion bar springs 6 and 6 and which 
makes a pair mutually, and 14A and 14B are prepared in the right-and-left-among drawing 1 side 
of a top and the bottom glass substrate 3. Mutually, while makes a pair, and it is prepared so that 
the bottom may serve as N pole and the bottom may serve as the south pole, and as every three 
permanent magnets 13A and 13B each are shown in drawing 2 , every three permanent magnets 
1 4A and 1 4B each of another side which makes a pair mutually are formed so that the bottom 
may serve as the south pole and the bottom may serve as N pole, as shown in drawing 2 . 
[0016] Next, actuation is explained. For example, a current is passed in the flat-surface coil 7, 
using the electrode terminal 12 of + pole and another side as - pole for one electrode terminal 
12. On both sides of a movable plate 5, by permanent magnet 13A, and 13B, 14A and 14B If the 
field is formed in the direction which crosses the flat-surface coil 7 along the flat surface of a 
movable plate 5 between up-and-down magnets as the arrow head of drawing 2 shows, and a 
current flows in the flat-surface coil 7 in this field According to the current density and flux 
density of the flat-surface coil 7, magnetic force F acts in the flat-surface coil 7 and the 
direction (shown in drawin g 5 ) which in other words followed the left-hand rule of Fleming of a 
current, flux density, and the force to the both ends of a movable plate 5, and this force is 
searched for from the Lorentz force. 

[0017] This magnetic force F will be called for by the following (1) formula, if flux density 
according the current density which flows in the flat-surface coil 7 to i, permanent magnets 13A 
and 13B, and 14A and 14B is set to B. 
F=ixB ... (1) 

It changes in fact with coil length w (shown in drawing 5 ) which the number of turns n and 
magnetic force F of the flat-surface coil 7 commit, and becomes like the following (2) types. 
[0018] F=nw (ixB) ... (2) 

On the other hand, when a movable plate 5 rotates, torsion bar springs 6 and 6 are twisted and 
the relation of the displacement angle phi of spring reaction force F' of the torsion bar springs 6 
and 6 generated by this and a movable plate 5 becomes like the following (3) types. 
phi=(Mx/GIp) =(F'L/8.5 x109 r4) xM ... (3) Here, it is Mx. It twists and the moment and G are 
modulus of transverse elasticity and Ip. It is a pole second moment of area. Moreover, L, 11, and r 
are the distance from the medial axis of a torsion bar spring to a power point, the die length of a 
torsion bar spring, and the radius of a torsion bar spring, and are shown in drawin g 5 , 
respectively. 

[0019] And a movable plate 5 rotates to the location where said magnetic force F and spring 
reaction force F' balance. Therefore, by substituting F of (2) types for F' of (3) types shows that 
the displacement angle phi of a movable plate 5 is proportional to the current i which flows in the 
flat-surface coil 7. Therefore, if sufficient current for the traveling contacts 9 and 9 of movable- 
plate 5 inferior surface of tongue to overcome the spring force of a torsion bar spring 6, and 
carry out a pressure welding to the stationary contacts 1 1 and 1 1 of bottom glass substrate 4 
top face is passed in the flat-surface coil 7, traveling contacts 9 and 9 and stationary contacts 
1 1 and 1 1 can be contacted by rotation of a movable plate 5. And a switch of a contact, or 
energization/cutoff of a current is controllable by carrying out ON/OFF of the switch or current 
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of the direction of a current passed in the flat-surface coil 7. 

[0020] Next, the count result of the flux density distribution by the permanent magnet in the 
electromagnetic relay of this example is explained. Drawing 6 showed the flux density distribution 
computation model of the permanent magnet of the shape of a cylinder used for this example, 
and calculated the magnetic flux of the point of dividing and asking the minute field dy for the 
front face of N pole of a permanent magnet, and each south pole. 

[0021] If flux density formed on Bn and a south pole front face in the flux density formed on N 
pole front face is set to Bs, the flux density [ in / it can ask for these by ** (4) of [several 1] 
and [several 2] and (5) equations from the formula of the flux density distribution by the 
cylinder-like permanent magnet, and / the point of arbitration ] B is Bn. Bs It becomes the 
compound thing and is shown by (6) equations. 



27z ) -" i [(y-yo) J -Kz + l)*][(d/2) s +(z + D* +yo* -2yoy]" 2 
• • • (5) 

[0024] B=Bn+Bs ... (6) 

Here, it sets at each ceremony of [several 1] and [several 2], and is Br. The distance of the N- 
pole face of a permanent magnet and an S-pole face and d of the coordinate and I to which the 
residual magnetic flux density of a permanent magnet, x, and y and z express the point of the 
arbitration of the surrounding space of a permanent magnet are the radii of each pole face. For 
example, the radius of 1mm, height of 1mm, the Sm-Co permanent magnet DIANET of residual 
magnetic flux density 0.85T The result of having calculated flux density distribution of the field a 
perpendicular to the front face of the permanent magnet arranged as shown in drawing 7 is 
shown in drawin g 8 using DM-18 (a trade name, product made from the SEIKO electronic parts). 
[0025] When it has arranged like drawin g 7 , the space between magnets serves as flux density 
more than abbreviation 0.3 T. Next, the count result of the amount of displacement of a movable 
plate 5 is explained. Width of face of the flat-surface coil 7 formed in a movable plate 5 was set 
to 100 micrometers, thickness of 14 and a movable plate 5 was set to 20 micrometers for 
number of turns, and the radius of a torsion bar spring 6 was searched for from (2) types and (3) 
types, having used die length as 5mm for 25 micrometers and die length having used width of 
face of 1mm and a movable plate 5 as 4mm. In addition, 0.3 T obtained by the above-mentioned 
flux density distribution count was used for flux density. 

[0026] Consequently, (A) and the (B) Fig. of drawing 9 show that the displacement angle of 2 
times is acquired by current 1.5 mA. In addition, (C) shows the relation between a current and 
the heating value Q to generate, and the generating heating value per unit area at this time is 2 
13 microwatts/cm. It became. Next, calorific value and the relation of heat dissipation are 
explained. Calorific value is the Joule's heat generated in resistance of a coil, therefore the 
heating value Q generated in per unit time amount is expressed by the following (7) types. 
[0027] Q=i2 R ... (7) 

Here, the current and R to which i flows in a coil are resistance of a coil. Heat release Qc by the 
calorific value convection current It is expressed with the following (8) types. 
Qc =hSdeltaT ... (8) 

Here, h is [ the surface area of a component and deltaT of a heat transfer coefficient (air is 
5x10-3 to 5x10-2 [watt /cm2 **]) and S ] the temperature gradients of a component front face 
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[Equation 1] 




(4) 



[0023] 
[Equation 2] 
Bs = 
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and air. 

[0028] (8) types are Qc =1 .0 when area of the movable plate used as the exoergic section is set 
to 2 (4x5) 20mm. deltaT [m W/(degree O] ... It becomes (8) ' and is 2 dozens of microwatts/cm. 
If it is the calorific value of extent, it turns out that the problem of the temperature rise of a 
component can be disregarded. In addition, heat release Qr according to radiation to reference It 
is expressed with the following (9) types. 
[0029] Qr =epsilonSsigmaT-four ... (9) 

Here, for epsilon, emissivity (epsilon=1D generally [ blackbody ] epsilon< 1) and S are [ a Stefan- 
Boltzmann constant (pi2k4/60h3c2) and T of the surface area of a component and sigma ] the 
skin temperature of a component. Moreover, heat release Qa by the conduction from a torsion 
bar spring It is expressed with the following (10) types. 
[0030] 

Qa =2lambda(S/M) deltaT ... (10) 

Here, lambda is the heat conductivity (silicon is 84W / mK), and S is the cross-sectional area of 
a torsion bar spring, and 11. The die length of a torsion bar spring and deltaT are the temperature 
gradients of the both ends of a torsion bar spring. (10) types are Qa =0.1, when the radius of a 
torsion bar spring is set to 25 micrometers and die length is set to 1mm. deltaT [m W/(degree 
C)] ... It becomes (10) '. 

[0031] Next, bending by the movable-plate self-weight of a torsion bar spring and bending of the 
movable plate by electromagnetic force are explained. These computation models are shown in 
drawing 10 . It is [ die length / of a torsion bar spring / width of face / of 11 and a torsion bar 
spring / weight / of b and a movable plate ] the die length of W and a movable plate about the 
width of face of t and a movable plate in the thickness of f and a movable plate L1 If it carries 
out, amount of bending deltaY of a torsion bar spring will become like the following (1 1) types 
using the count approach of the amount of bending of a cantilever. 
[0032] 

delta Y= (1/2) (41.1 3 f/Ebt3) ... (11) 

Here, E is the Young's modulus of silicon. Moreover, weight f of a movable plate is expressed 
with the following (12) types. 
f=WL1 trhog ... (12) 

Here, rho is the volume density of a movable plate and g is gravitational acceleration. 
[0033] Moreover, similarly amount of bending deltaX of a movable plate becomes like the 
following (13) types using the count approach of the amount of bending of a cantilever. 
deltaX=4(L1/2) 3 F/EWt3 ... (13) 

Here, F is magnetic force which acts on the edge of a movable plate. And it considers that the 
coil length w of (2) types is die-length [ of a movable plate ] W, and said magnetic force F asks 
for it. 

[0034] The count result of the amount of bending of these torsion bar springs and the amount of 
bending of a movable plate is shown in [Table 1]. In addition, the amount of bending of a movable 
plate calculates magnetic force F as 30microN. 
[0035] 
[Table 1] 



w 


6 mm 


6 mm 


6 mm 


L i 


13mm 


13mm 


13mm 


t 


50jum 


50 um 


100 jum 


b 


50 jum 


50 urn 


SOjttm 


1 i 


0.5mm 


1. 0mm 


1.0mm 


f 




89 


178#N 


AY 


0.022jum 


0. 178 wm 


0.356/zm 


AX 


0. 125 jum 


0. 125 ;um 


0.016//m 
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[0036] Amount of bending deltaY according to a movable plate with width of face of 6mm, a die 
length [ of 13mm ], and a thickness of 50 micrometers the case of the torsion bar spring of width 
of face of 50 micrometers and die-length 1.0 mm so that clearly from the above-mentioned 
[table 1] is 0.178. It is mum and amount of bending deltaY is 0.356 also considering the thickness 
of a movable plate as double 100 micrometers. It is mum. Moreover, amount of bending deltaX 
according to magnetic force the case of a movable plate with width of face of 6mm, a die length 
[ of 13mm ], and a thickness of 50 micrometers is 0.125. It is mum and is uninfluential in the 
property of about 200 micrometers, then the electromagnetic relay of this example in any way in 
the amount of displacement of movable-plate both ends. 

[0037] As explained above, in the electromagnetic relay of this example, the effect by generation 
of heat of a coil can also be disregarded, and a problem does not have the rocking property of a 
movable plate 5 in any way, either, and the same function as usual can be demonstrated, and by 
forming contact moving part, a coil, etc. using the manufacture process of a semiconductor 
device, compared with the former, it can be markedly alike, and can consider as a micro thin 
electromagnetic relay. For this reason, the miniaturization of the control-system system which 
controls the output of the last stage by the electromagnetic relay can be attained. Moreover, 
mass production method becomes possible by manufacturing in the manufacture process of a 
semiconductor device. 

[0038] Next, the production process of the electromagnetic relay of the 1st example of the 
above is explained, referring to drawing 1 1 - drawing 14 . First, the processing process of a 
silicon substrate is shown in drawing 1 1 and drawing 12 . Thickness 300 Silicon substrate 101 of 
mum A vertical side is oxidized thermally and an oxide film (1 micrometer) 102 is formed (a 
process). 

[0039] Next, the pattern of a through hole is formed in a rear-face side with a HOTORISO graph, 
etching removal of the oxide film of a through hole part is carried out (b process), and it is 
thickness 0.5 about the oxide film of the movable-plate formation section further. It removes to 
mum (process c). Next, it is the wax layer 103 to a front-face side. It is anisotropic etching to 
the through hole part after preparing 100 mum Carry out (process d). 

[0040] The thin oxide film for movable Itabe by the side of a rear face is removed (process e), 
and it is anisotropic etching to a part for a through hole and movable Itabe 100 mum Carry out 
(process f). Next, the mask of the electric wiring part is left and carried out to the silicon 
substrate part equivalent to the movable-plate rear face surrounded in the through hole part, for 
example, the spatter of nickel or copper is performed, the U-shaped electric wiring 8 and 8 is 
formed, a mask is further carried out except for a traveling contact part, the layer of gold or 
platinum is formed by vacuum evaporation© etc., and traveling contacts 9 and 9 are formed 
(process g). 

[0041] Next, wax layer 103 by the side of a front face It removes and is the oxide film 102 by the 
side of a front face. Upwards, a flat-surface coil and an electrode terminal area (not shown) are 
conventionally formed with a well-known electrocasting coil magnetization method. A 
electrocasting coil magnetization method is a silicon substrate 101. The spatter of nickel is 
performed, a nickel layer is formed, copper electrolysis plating is performed, and a copper layer is 
formed in a front-face side. Next, the copper layer which carries out the mask of the part which 
is equivalent to a flat-surface coil and an electrode terminal by the resist of a positive type, 
performs copper etching and nickel etching one by one, removes a resist after etching, performs 
copper electrolysis plating further, covers the perimeter of a nickel layer with copper, and is 
equivalent to a flat-surface coil and an electrode terminal is formed. Next, after applying the 
plating resist of a negative mold to the part except a copper layer, copper electrolysis plating is 
performed, a copper layer is thickened, and a flat-surface coil and an electrode terminal are 
formed. And a flat-surface coil part is covered by insulating layers, such as for example, 
photosensitive polyimide. What is necessary is just to carry out by repeating the process from 
the spatter process of nickel to the insulating stratification again, when making a flat-surface 
coil two-layer (process h). 

[0042] Next, it is anisotropic etching to the through hole part after preparing wax layer 103 ' in a 
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front-face side and carrying out the mask of the part for a movable-plate flesh-side surface part 
100 mum Carry out, a through hole part is made to penetrate, and wax layer 103 ' is removed 
except for a part for movable Itabe. In this case, up-and-down oxide film 102 It removes. 
Thereby, a movable plate 5 and a torsion bar spring (not shown) are formed, and the silicon 
substrate 2 of drawing 1 is formed (processes i and j). 

[0043] Above, the movable plate 5 and torsion bar spring of a silicon substrate 2 are formed in 
one. Then, what is necessary is to combine the top glass substrate 3 and the bottom glass 
substrate 4 with the vertical side of a silicon substrate 2 by anode plate junction, respectively, 
and just to attach permanent magnets 10A and 10B, and 1 1A and 1 1B in the predetermined 
location of the up-and-down glass substrates 3 and 4, after removing the wax layer for movable 
Itabe. 

[0044] Next, the processing process of a vertical glass substrate is explained, referring to 
drawing 13 and drawing 14 . First, the top glass substrate 3 makes a hole in the location which is 
equivalent to a movable-plate upper part part with ultrasonic machining, and should just form 
opening 3a (process a). On the other hand, in the bottom glass substrate 4, the through holes 4a 
and 4a for through holes are first formed from the rear-face side of a glass substrate 4 by the 
electrolysis electron discharge method (process b). 

[0045] And the spatter of nickel or copper is carried out to both sides of the bottom glass 
substrate 4, and it is the metal layer 104. It forms (process c). Next, the mask of the electric 
wiring part containing through hole 4a is carried out, other parts are etched, and it is the metal 
layer 104. Electric wiring 10 and 10 is formed by removing (process d). Next, the pattern of a 
stationary contact is formed in the front-face side of a glass substrate 4 with a HOTORISO 
graph for lift off, a fixed contact surface is removed, and it is a resist 105. It applies (process e). 
[0046] Next, it is the vacuum evaporationo layer 106 by vacuum evaporation© of gold or platinum 
to the whole surface by the side of glass substrate 4 front face. It forms (process f). Next, 
vacuum evaporationo layer 106 of other parts excluding a fixed contact surface by removing a 
resist It removes and stationary contacts 1 1 and 1 1 are formed (process g). Next, the 2nd 
example of the electromagnetic relay concerning the 1st invention is shown in drawing 15 . In 
addition, the same sign is given to the same element as the 1st example, and explanation is 
omitted. 

[0047] In drawing, although the configuration of a silicon substrate 2 and the bottom glass 
substrate 4 of the electromagnetic relay 21 of this example is the same as that of the 1st 
example, the configurations of top glass substrate 3' differ. That is, top glass substrate 3' is 
considered as the configuration which blockades the part equivalent to opening 3a of the top 
glass substrate 3 of the 1st example as slot 3A' by an electron discharge method etc. And top 
glass substrate 3' and the bottom glass substrate 4 are combined with the vertical side of a 
silicon substrate 2 by anode plate junction, and it is considering as the configuration which seals 
the rocking space of a movable plate 5. Furthermore, this closed space is made into a vacuum 
ambient atmosphere, and an electromagnetic relay 21 is made to drive. 

[0048] Since the air resistance at the time of a movable plate 5 rotating is lost according to this 
configuration, the responsibility of a movable plate can be improved, and — although there is a 
possibility that gas may trespass upon the rocking space of a movable plate when adhesives are 
used in case up-and-down glass substrate 3' and 4 are combined with a silicon substrate 2 — 
this example — like — If anode plate junction is used, the worries will not exist. Moreover, in 
case the vacuum lock of the rocking space of a movable plate 5 is carried out, withstand voltage 
improves by enclosing a sulfuration fluorine (SF6) in space. 

[0049] Next, the example of the electromagnetic relay concerning the 2nd invention is shown in 
drawin g 16 , and it explains to it. In addition, the same sign is given to the same element as each 
above-mentioned example, and explanation is omitted. In drawing 16 , by the electromagnetic 
relay 31 of this example, it replaces with a flat-surface coil and the permanent magnet 32 of a 
thin film is formed in a movable-plate 5 side. The flat-surface coils 7A and 7B which generate a 
field by energization on the other hand into the part of the opposite side side of a movable plate 
5 parallel to the shaft orientations of the torsion bar springs 6 and 6 of a silicon substrate 2 are 
formed. Moreover, top glass substrate 3' is the configuration which is the same as that of what is 
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shown in drawing 15 , has slot 3A', and was blockaded. In addition, although the permanent 
magnet was prepared in the shape of a frame in this example, you may make it prepare a 
permanent magnet only in a flat-surface coil and the corresponding side. 
[0050] Even if it forms the permanent magnet 32 of a thin film in a movable-plate 5 side and 
forms the flat-surface coils 7A and 7B in a silicon substrate 2 side like this configuration, it can 
be made to operate like each above-mentioned example. Furthermore, since the coil is not 
prepared in a movable-plate 5 side, the problem about generation of heat is not produced. 
Moreover, since the magnet of a thin film is used, it does not say that actuation of a movable 
plate 5 becomes blunt, and the closure of only a movable plate 5 is also possible. And if the 
vacuum lock of the rocking space of a movable plate 5 is carried out, it will be the same as that 
of the example shown in drawing 15 , and the responsibility of a movable plate 5 will become 
good. 
[0051] 

[Effect of the Invention] the electromagnetic relay using the conventional coil mold coil since it 
considered as the configuration which forms a coil using the conventional not a coil mold but 
semiconductor device manufacturing technology according to this invention as explained above - 
- comparing — markedly — alike — a miniaturization — and it can thin-shape-ize. Therefore, 
integration and the miniaturization of the system of a control system which use an 
electromagnetic relay can be attained. 

[0052] Moreover, the configuration which makes rocking space of a movable plate a closed 
space, and carries out a vacuum lock, then air resistance can be abolished, the responsibility of a 
movable plate can be improved, and relay responsibility can be raised. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[ Drawin g 1] The block diagram showing the 1st example of the electromagnetic relay concerning 
the 1st this invention 

[Drawing 2 ] The enlarged vertical longitudinal sectional view of the 1st example of the same as 
the above 

[ Drawing 3 ] The expansion perspective view by the side of the top face of the movable plate of 
the 1st example of the same as the above 

[ Drawing 4] The expansion perspective view by the side of the inferior surface of tongue of the 
movable plate of the 1st example of the same as the above 

[ Drawin g 5] Drawing explaining the principle of operation of the galvanomirror of the 1 st example 
of the same as the above 

[ Drawing 6] The computation model Fig. of the flux density distribution by the permanent magnet 
of the 1st example of the same as the above 

[Drawing 7] Drawing showing the calculated flux density distribution location 

[ Drawing 8] Drawing showing the count result of flux density distribution of the location shown in 
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drawing 7 

[Drawing 9] The graph which shows the count result of the amount of displacement of a movable 
plate, and the amount of currents 

[Drawing 10] A torsion bar spring and the computation model Fig. of the amount of bending of a 
movable plate 

[Drawing 1 1] The explanatory view of the processing process of the silicon substrate of the 1st 
example of the same as the above 

[Drawing 12] The explanatory view of the processing process of the silicon substrate following 
drawing 1 1 

[Drawing 13] The explanatory view of the processing process of the glass substrate of the 1 st 
example of the same as the above 

[Drawing 14] The explanatory view of the processing process of the glass substrate following 
drawing 13 

[Drawing 15] The perspective view showing the configuration of the 2nd example of the 
electromagnetic relay concerning the 1st invention 

[ Drawing 16 ] The perspective view showing the configuration of the example of the 

electromagnetic relay concerning the 2nd invention 

[Description of Notations] 

1, 21, 31 Electromagnetic relay 

2 Silicon Substrate 

3 3' Top glass substrate 

4 Bottom Glass Substrate 

5 Movable Plate 

6 Torsion Bar Spring 

7 Flat-Surface Coil 
9 Traveling Contact 

1 1 Stationary Contact 

13A, 13B, 14A, 14B, 32 Permanent magnet 



[Translation done.] 
* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 
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[Drawin g 6] 




[Drawing 7] 
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[Drawing 2] 




[ Drawin g 4] 
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[ Drawing 10 ] 




[ Drawing 13 ] 
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[Drawing 1 1 ] 

(a) 102 
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[ Drawing 12 ] 
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[Drawing 14] 
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[Drawing 15] 
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[Translation done.] 
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